This present study discusses the effects of preheated biodiesel and its blends on the performance and emissions of diesel engines. Limited supply of fossil fuel makes biodiesel as one of the major solution for this current situation. However, in using biodiesel and its blends as fuel had created few problems such as poor fuel droplet formation and atomization that consequently result on lots of carbon formation deposit on the valves and injector choking. These problems occur due to the effect of higher viscosity of the biodiesel and its blends itself. This paper reviews the recent research on the effects of preheated biodiesel on viscosity and thus influences to the performance and emissions. Generally there are four methods to lower the viscosity that are heating, blending, micro-emulsification and transesterification. Heating is the easiest solution to bring lower the viscosity. Biodiesel and its blends were heated up before combustion process and most of the researcher reported that the brake power was lower than diesel fuel but higher than unheated biodiesel while the BSFC was found to be higher than diesel fuel and unheated biodiesel. In addition, it observed that the NO x emission was higher than that of diesel fuel and unheated biodiesel.
Introduction
Biodiesel is known as a non-petroleum diesel, a mixture of mono-alkyl esters of long chain fatty acid (FAMEs) and it is an alternative fuel that made from vegetable oils and animal fats. It is a renewable energy, more cleanly than petroleum fuel and large availability sources [1] [2] [3] [4] . The concern about biodiesel is quickly increased since the petroleum crises in 1970s that cause rapidly increasing in market prices. Growing concern of the environment and the effect of greenhouse gases also had revived more and more interests in the use of vegetable oils as a substitute of petroleum fuel [3, 5] . Properties of biodiesel generally has higher density, viscosity, cloud point, cetane number, lower volatility and heating value compared to diesel fuel that affecting on the engine performance and emissions. However, neat biodiesel or its blends may be used in the existing diesel engines with little or no modification to the engine [6] [7] [8] [9] [10] .
The influences of biodiesel viscosity on combustion process
In the era of improvement technologies, emission regulations have become more stringent in order to keep and maintain clean and healthy environment. Industrial revolution especially in automotive industry was contributing quite higher number of percentage to the earth pollutions in our daily life that consequently will contribute to global warming effects and acid rain formation. Despite years of improvement on the petroleum fuels and combustion characteristics were attempts, issues regarding emissions still become the main conversation in the automotive industry. Limited supply of world petroleum resources and unpredicted increment on the petroleum price made the situation more critical. Thus, demand on the utilization of biodiesel fuels and its blends as alternative energy sources is urgently required to meet the future legislation. However, lots of researchers have reported that use of biodiesel or its blends effects on fuel droplet formation, poor atomization, vaporization and air fuel mixing process due to its higher viscosity [12] [13] [14] [15] [16] . These effects cause important engine failures such as fuel filter clogging, piston ring sticking, injector choking, carbon formation deposits and rapid deterioration of lubricating oil [13] [14] [15] [16] . High viscosity fuel also leads to high smoke, HC and CO emissions [12] . There are several technique for reducing viscosity; heating or pyrolysis, blending or dilution, micro-emulsification and transesterification [13, [17] [18] . Viscosity will gradually decrease with the increase of preheating temperature. Heating also will ease the problem of injection process because it results in a decrease of the arithmetic diameter of the fuel droplets due to the effect of surface tension and viscosity changes with temperature [19] . Thus, it gives better spray formation and combustion process.
The effects of preheat biodiesel on performance
The performance parameters of preheated biodiesel had been reviewed such as brake thermal efficiency, BSFC and brake power. The parameters were evaluated and compared to the neat diesel fuel.
Agrawal et al. [17] studied the performance of a four stroke single cylinder diesel engine fuelled by preheated jatropha oil as fuel. They reported that the BSFC of preheated jatropha oil was higher than that of diesel fuel but lower that unheated jatropha oil at medium load. Moreover, the thermal efficiency of preheated jatropha oil was lower that diesel fuel but slightly higher than unheated jatropha oil. The reason for this behavior may be improved fuel atomization because of reduced fuel viscosity. The use of preheated rapseed oil biodiesel at two different fuel blends: O20 (20% rapeseed oil; 80% diesel fuel) and O50 (20% rapeseed oil; 80% diesel fuel) was investigated by Hazar et al. [12] . They found that preheated biodiesel has increased the brake torque from its normal condition but the value remained lower when compared with that diesel fuel as per depicted in Figure 1 and Figure 2 as a reference for standard biodiesel. Meanwhile, the power variation of diesel fuel is higher than those of O20 and O50 for all engine operations either with preheat or not because diesel fuel has higher calorific value. The increment of rapeseed oil in the blends remained lower compared to diesel fuel because the viscosity of the blend is reducing with preheating led to the higher leakages in the pump and injector resulting in lower power outputs. The BSFC was increased with the increasing rapeseed oil in the blends when compared with diesel fuel. Karabektas et al. [13] analyzed the preheated cottonseed methyl ester performance on a diesel engine and concluded that the brake power of the heated fuel was lower than that of diesel fuel due to an excessive leakage through the fuel pump and injectors. However, thermal efficiency was higher compared to diesel fuel and they reported it was attributed to the preheating process that gives better combustion characteristics of biodiesel because of decreased viscosity and improved volatility.
Pugazhvadivu et al. [14] investigated the performance of a diesel engine using preheated waste frying oil as fuel. They reported that thermal efficiency was lower compared to diesel fuel. Singh et al. [18] studied the performance of preheated jatropha oil on medium capacity diesel engine. They found that the brake thermal efficiency for jatropha oil was lower than diesel fuel throughout the entire operating range. However, when the temperature of preheating fuel increases, Figure 3 : The brake torque and BSFC vs engine speed of preheated crude sunflower oil [20] 286 4th Mechanical and Manufacturing Engineering brake thermal efficiency also increases close to diesel fuel. The reason why the brake thermal efficiency lowers compared to diesel fuel are lower calorific values due to presence of O 2 in unsaturated hydrocarbon and high viscosity of jatropha oil. Canaki et al. [20] tested an indirect injection of four strokes diesel engine using preheated crude sunflower oil. Their tests showed that the brake torque decreased by 1.36% while the BSFC increased by almost 5% on average compared to diesel fuel over the speed range at full load condition as per depicted in Figure 3 . The effects of preheated cottonseed oil methyl ester on performance parameters were conducted by Augustine et al. [21] using 660CC single cylinder diesel engine. They concluded that BSFC is higher than that of diesel engine for all loads tested. This was due to more blended fuel which is used to produce same power as compared to diesel fuel. Moreover, brake thermal efficiency was lower than diesel fuel but increased by the preheated temperature ranging from 40 o C up to 80 o C, but for 100 o C decreases due to vapor locking in the fuel line and hence more fuel consumption is obtained for the same power compared to other mode of operation. Hossain and Davies [21] investigated the performance an indirect injection multi-cylinder compression ignition operating on preheated jatropha and kranja oils. The authors reported that BSFC of jatropha and kanja oils were higher as compared to diesel fuel because the calorific value for both oils was lower than diesel fuel thus more fuel is needed for the same engine output. Yilmaz and Morton [23] studied the performance of three vegetable oils at two different engines; Yanmar and Kubota engines. They found that preheating increases thermal efficiency and vegetable oil shows higher thermal efficiencies than diesel fuel for all of the preheated fuels and both engines. The potential waste cooking oil biodiesel as an alternative fuel was investigated by Licauco and Biona [24] . They tested the fuel on Mazda 4bc2 engine and found that the power produced was lower than diesel fuel due to its lower cetane number and heating value. Meanwhile the BSFC was averagely 19% higher compared to diesel fuel.
The effects of preheat biodiesel on emissions
Emissions from combustion of biodiesel and its blends generally similar to combustion of diesel fuel such as CO, CO 2 , NO x , smoke, unburned HC and sulphur oxides. A review has been made about preheat biodiesel emissions.
Agrawal et al. [17] conducted an experiment of preheated jatropha oil in a direct injection compression ignition engine. They observed that heating the oil result in marginal increase of CO 2 emission compared to diesel fuel but lower than unheated jatropha oil. They also observed that CO emission has similar trend to the CO 2 emission. This possibly attributed to poor spray atomization and non-uniform mixture formation. Meanwhile, HC emission was lower at half load and tends to increase at higher load for all fuels. Hazar et al. [12] reported reduction in smoke and CO emissions with the induction of preheat fuel before combustion. This trend may be due to the higher viscosity and poor volatility which causes poor spray characteristics, forming locally rich air-fuel mixture during combustion process. The NO x emission increases with the increase in fuel inlet temperature. The increase in NO x with preheating emission was attributed to the increase in combustion gas temperature. CO emissions lower in comparison to diesel fuel while running the diesel engine using cottonseed oil methyl ester. Preheating of biodiesel decreases the viscosity and improves the oxidation of biodiesel in the cylinder. The NO x emission was higher than diesel fuel and the authors found that the maximum increase was obtained in the case of preheating temperature was 90 o C [13] [14] [15] . Mamat et al. [19] investigated the emissions of rapeseed methyl ester on V6 Twin VG Turbo diesel engine. They found that the NO x emission was higher than diesel fuel for both with and without exhaust gas recirculation system. However, CO and unburned HC emissions were found lower for the combustion with exhaust gas recirculation and higher without exhaust gas recirculation. In addition, the preheated jatropha oil and preheated crude palm oil lowering the CO 2 emission, CO and unburned HC emissions of diesel fuel due to vegetable oil contains O 2 element and carbon content is relatively lower in the same volume of fuel consumed at the same engine load [16, 18] .
Preheated crude sunflower oil produced lower CO 2 , unburned HC and smoke emissions compared to diesel fuel had been reported by Canaki et al. [20] . However, CO emission of preheated crude sunflower oil was higher at low engine speed and becomes lower when the engine speed exceeds 2400rpm. Augustine et al. [21] observed that when preheated cottonseed oil methyl ester was used as fuel in the direct injection diesel engine, the CO, unburned HC and smoke produced were lower compared to diesel fuel. This were attributed to the higher O 2 content of biodiesel which could improve the combustion process and heating process decreases the viscosity of biodiesel, thus improves the oxidation of biodiesel in the cylinder. However, preheated cottonseed oil methyl ester yields higher NO x emission at all loads than that of diesel fuel. Hossain and Davies [22] investigated the effects of jatropha and kranja oils at Lister Petter diesel engine. At low loads, CO and CO 2 emissions were almost the same for all fuels and at higher loads, diesel emissions were lower compared to jatropha and kranja oils. However, NO x emission was higher for both fuels while O 2 produced was lower than that of diesel fuel. Emissions of two different engines were studied by Yilmaz and Morton [23] . The authors found that the CO and NO emissions were higher for both engines compared to the diesel fuel. This was attributed to the poor spray atomization and non-uniform mixture formation. However, the unburned HC was lower at low load and it's close to diesel fuel emission when the load increased. Kumar et al. [25] tested preheated animal fat and observed the smoke and NO emissions were lower while unburned HC and CO emissions were higher compared to diesel fuel. The result of low smoke levels is explained by the presence of fixed carbon in the animal fat. Lim et al. [26] observed that preheated crude palm oil combustion produced about 2.8% more CO emission than diesel fuel combustion meanwhile, the NO x emission for preheated crude palm oil was higher than that for diesel fuel by 25.7% [27] [28] [29] [30] .
Conclusions
The higher viscosity of biodiesel and its blends can be solving by preheating the fuel before combustion. Preheat biodiesel and its blends were results in a better fuel consumption and thermal efficiency produced due to decrease of the arithmetic diameter of the fuel droplets. In addition, this effect also contributes from the surface tension and viscosity changes with temperature [19] . Generally, emissions produced was lower for CO, CO 2 , HC and smoke. CO emissions was reduced due to few reasons; high O 2 content that could promotes better combustion process and heating effect that lower the viscosity and consequently improves the oxidation of biodiesel in the cylinder [13, 21] . Meanwhile, the NO x production was observed higher for the preheated fuel due to improved spray characterictics, better combustion due to high O 2 content and higher gas temperature in the cylinder as a results of increase in fuel inlet temperature.
